The paper addresses the problem of agents compatibility and their conformance to protocols. We assume that the specification of protocols is given in an action theory by means of temporal constraints and, in particular, communicative actions are defined in terms of their effects and preconditions on the social state of the protocol. We show that the problem of verifying the conformance of an agent with a protocol can be solved by making use of an automata based approach, and that the conformance of a set of agents with a protocol guarantees that their interaction cannot produce deadlock situations and it only gives rise to runs of the protocol.
Introduction
One of the central problems in the area of multi-agent systems, as well as in the area of web services, concerns the interoperability of software agents in an open environment. Agents are usually loosely coupled, as they are written by different organizations, and their interoperability with other agents cannot be guaranteed a-priori. This has raised the problem of introducing conditions which enforce that a set of agents can interact properly, thus leading to the introduction of different notions of compatibility among agents [5] as well as to the definition of notions of conformance of an agent with a protocol [13, 3, 6] . The fact that an agent conforms with a protocol must guarantee that all the interactions of the agent with other conformant agents are correct: they produce executions of the protocol and do not lead to deadlock situations.
In our proposal, the interaction protocol which rules the communications among agents is specified in an action theory based on a temporal logic, namely dynamic linear time temporal logic (DLTL) [11] . In this framework, as described in the next section, protocols are given a declarative specification consisting of: (i) specification of communicative actions by means of their effects and preconditions on the social state which, in particular, includes commitments; (ii) a set of temporal constraints, which specify the wanted interactions (under this respect, our approach to protocol specification is similar to the one proposed in This research has been partially supported by the project PRIN 2005 "Specification and verification of agent interaction protocols".
DecSerFlow [1]). Protocols with nonterminating computations, modeling reactive services [7] , can also be captured in this framework. Communication among agents is assumed to be synchronous and, in this concern, we diverge from [7] and [13] , where asynchronous message passing is considered.
In [9, 10] , we have shown that several verification problems can be modelled as satisfiability and validity problems in the logic, by making use of an automata based approach and, in particular, by working on the Büchi automaton which can be extracted from the logical specification of the protocol. In this paper we focus on the problem of agent interoperability and we define a notion of conformance of an agent with a protocol which guarantees interoperability. In the verification of conformance, we make use of the protocol automaton.
In Section 3, we introduce a notion of conformance of an agent with a protocol by comparing the runs of the agent and the runs of protocol. Then, in Section 4, we define an algorithm which verifies the conformance of an agent with a protocol, assuming that both the agent and the protocol are represented as Büchi automata. The protocol automaton obtained from the temporal specification is a general (non deterministic) Büchi automaton, while agents are assumed to be modelled by deterministic Büchi automata. The non deterministic behaviors of agents can however be modelled through the "non deterministic choice" among different actions.
In the general case, the verification algorithm works in exponential time in the size of the automata. However, when the protocol automaton is deterministic, conformance can be checked in polynomial time.
For lack of space, in the paper we only address in detail the case of protocols with two participants. We shortly discuss the general problem in the conclusions.
Protocol Specification
The specification of interaction protocols [9,10] is based on Dynamic Linear Time Temporal Logic (DLTL) [11], a linear time temporal logic which extends LTL by allowing the until operator to be indexed by programs in Propositional Dynamic Logic (PDL) as follows: αU π β, where π is a program (a regular expression), built from a set Σ of atomic actions.
As for LTL, DLTL models are infinite linear sequences of worlds (propositional interpretations), each one reachable from the initial one by a finite sequence τ of actions in Σ. A valuation function V , defines the interpretation of propositions at each world τ .
A formula αU π β is true at a world τ if "α until β" is true on a finite stretch of behavior which is in the linear time behavior of the program π. The derived modalities π and [π] can be defined as follows: π α ≡ U π α and [π]α ≡ ¬ π ¬α. When π is Σ * , we replace π with 3 and [π] with 2. As shown in [11] , DLTL(Σ) is strictly more expressive than LTL(Σ). The satisfiability and validity problems for DLTL are PSPACE complete problems [11] .
We illustrate how a protocol can be specified in this framework trough the specification of a Purchase protocol. We have two roles: the merchant (mr) and
